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toluene, respectively.  There are strong similarities between the spectra of isooctane and MTBE.

The two compounds share similar features in that both have only sp3 hybridized carbon and each

contains a t-butyl group.  The dominant near-infrared absorptions from each molecule should be

attributable primarily to sp3 C-H bonds.  Isooctane has sp3 C-H bonds in the form of methyl (CH3),

methylene (CH2), and methine (CH) groups while MTBE has only methyl groups.  Since

sp3-sp3 C-C bonds show only weak absorptions in mid-band spectra, they are not expected to

contribute substantially to the near-infrared spectra.  The C-O bond from MTBE may also

contribute to the spectra as an overtone but to a lesser extent.  The C-O stretch is more likely to

contribute to the spectra in conjunction with other fundamental vibrations as a combination band.

In fact, any absorption at approximately 1500 cm-1 or less would have to appear as a 4th overtone

or higher and consequently would be very weak in intensity.

In addition to the sp3 C-H bonds, toluene also contains sp2 C-H bonds, sp2-sp2 C-C bonds, and an

sp2-sp3 C-C bond.  As a result, there are some significant differences between the spectra of

isooctane (Figure 2) and toluene (Figure 4); these differences can be used to make some

approximate peak assignments.  The predominant absorptions for toluene should be attributable to

the sp3 and sp2 C-H bonds.  The small peak that appears at approximately 1150 nm in isooctane

becomes the dominant absorption in toluene.  This wavelength appears to be largely correlated to

the aromatic character because of its coincidental increase in intensity as the aromatic character of

the sample increased; however, the peak is not entirely due to the aromatic character since there is

also a small absorption at that wavelength in isooctane.  The second overtone for an sp2 C-H

stretching vibration (3008 cm-1≈3324 nm) should appear at approximately 1108 nm (3324 nm/3).

For isooctane, the peaks at 1200 nm and 1350-1500 nm show much stronger absorptions than the

peak at 1150 nm and thus appear to be strongly correlated to the aliphatic character (sp3 C-H) of the

molecule.  The reverse is true for toluene (i.e., the peak at 1150 nm has a stronger absorption than

those at 1200 nm and 1350-1500 nm).  The second overtone for an sp3 C-H (νsCH3) stretching

vibration (2872 cm-1 ≈ 3482 nm) should appear at approximately 1161 nm (3482 nm/3).  In each

calculation, there is a discrepancy of  40 nm in wavelength position, which is not unexpected

considering the broad bands in the near-infrared spectra and the approximate nature of the
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Table 1
Fuel Properties and Abbreviations

Property ASTM Test Method Abbreviation

Density at 15 C, g/mL D 4052 Density

Freeze Point, °C D 2386 Freeze Point

Flash Point, °C D 93 Flash Point

Cloud Point, °C D 2500 Cloud Point

Pour Point, °C D 97 Pour Point

Kinematic Viscosity at 40°C, cSt D 445 Viscosity

Initial Boiling Point, °C D 86 IBP

Boiling Point @ 10% recovery, °C D 86 BP10

Boiling Point @ 50% recovery, °C D 86 BP50

Boiling Point @ 90% recovery, °C D 86 BP90

Boiling Point @ 95% recovery, °C D 86 BP95

End Boiling Point, °C D 86 BPEP

Cetane Index (2 variable method) D 976 CCI976

Cetane Index (4 variable method) D 4737 CCI4737

Hydrogen Content, mass% D 5291 Hydrogen

Carbon Content, mass% D 5291 Carbon

Carbon-to-Hydrogen ratio (C/H) D 5291 C/H

Net Heat of Combustion, MJ/Kg D 240 NHC

Monocyclic Aromatics, mass% D 5186 Mono-ArH

Dicyclic Aromatics, mass% D 5186 Di-ArH

Tricyclic Aromatics, mass% D 5186 Tri-ArH

Total Aromatics, mass% D 5186 Total-ArH
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Table 2
Repeatability and Reproducibility of the Standard ASTM Procedures

Property ASTM Test Repeatability Reproducibility

Density at 15 C, g/mL D 4052 0.0001 0.0005

Freeze Point, °C D 2386 1.0 2.5

Flash Point, °C D 93 2.0 3.5

Cloud Point, °C D 2500 2.0 4.0

Pour Point, °C D 97 3.0 6.0

Kinematic Viscosity at 40 C, cSt D 445 0.14 @ 3 0.44 @ 3

Initial Boiling Point, °C D 86 3.5 8.5

Boiling Point @ 10% recovery, °C D 86 4.5 9.5

Boiling Point @ 50% recovery, °C D 86 4.5 9.5

Boiling Point @ 90% recovery, °C D 86 5.0 12.0

Boiling Point @ 95% recovery, °C D 86 5.0 12.0

End Boiling Point, °C D 86 3.5 10.5

Cetane Index (2 variable method) D 976 calculated 3.3a

Cetane Index (4 variable method) D 4737 calculated 3.3a

Hydrogen Content, mass% D 5291 0.42 @ 13% 0.83 @ 13%

Carbon Content, mass% D 5291 0.98 @ 87% 2.44 @ 87%

Carbon-to-Hydrogen ratio (C/H) D 5291 calculated calculated

Net Heat of Combustion, MJ/Kg D 240 0.13 0.40

Monocyclic Aromatics, mass% D 5186 0.7 4.0

Dicyclic Aromatics, mass% D 5186 0.7 4.0

Tricyclic Aromatics, mass% D 5186 0.7 4.0

Total Aromatics, mass% D 5186 0.7 4.0
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Collection of Large Number of 
Representative Fuel Samples

Laboratory Analyses by 
Current (Classical) Methods Infrared Spectra (Training Set)

Build Fuel Property Calibration
Models Using Multivariate
Calibration With Cross Validation

Validate Calibration Models
with Standard (Known) Samples

Estimate Fuel Properties in Real-Time with a
Small Quantity of Unknown Sample
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Property Minimum Maximum Average

Density 0.7818 0.8728 0.8446

Freeze -59.5 6.6 -14.0

Flash 23 96 62

Cloud -60.5 2.1 -17.6

Pour -75 -3 -30

Viscosity 1.12 4.05 2.52

IBP 99 229 176

BP10 158 256 214

BP50 182 297 258

BP90 204 347 311

BP95 207 375 325

BPEP 217 388 339

CCI976 37.0 59.8 46.8

CCI4737 36.4 65.7 46.9

H 12.29 14.48 13.10

C 82.75 87.73 86.57

C/H 5.921 7.097 6.612

NHC(MJ/Kg) 41.01 43.46 42.69

Mono ArH 7.7 38.9 23.9

Di ArH 0.5 12.8 5.9

Tri ArH 0.0 3.4 1.0

Total ArH 8.3 47.2 30.8

Table 3
Summary Statistics for all Samples
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Property Minimum Maximum Average

Density 0.7818 0.8728 0.8446

Freeze -59.5 6.6 -14.0

Flash 23 96 62

Cloud -60.5 2.1 -17.6

Pour -75 -3 -30

Viscosity 1.12 4.05 2.52

IBP 99 229 176

BP10 158 256 214

BP50 182 297 258

BP90 204 347 311

BP95 207 375 325

BPEP 217 388 339

CCI976 37.0 59.8 46.8

CCI4737 36.4 65.7 46.9

H 12.29 14.48 13.10

C 82.75 87.73 86.57

C/H 5.921 7.097 6.611

NHC(MJ/Kg) 41.01 43.46 42.69

Mono ArH 7.7 38.9 23.8

Di ArH 0.5 12.8 5.9

Tri ArH 0.0 3.4 1.0

Total ArH 8.3 47.2 30.7

Table 4
 Su mmary Statistics for the Calibration Training set, 395 samples
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Property Minimum Maximum Average

Density 0.7871 0.8726 0.8447

Freeze -59.4 5.3 -13.9

Flash 33 88 62

Cloud -60.4 1.3 -17.5

Pour -75 -6 -30

Viscosity 1.14 3.94 2.52

IBP 132 218 176

BP10 162 256 214

BP50 184 297 258

BP90 210 340 311

BP95 220 361 325

BPEP 240 377 339

CCI976 37.3 59.1 46.8

CCI4737 37.4 64.9 46.9

H 12.36 14.33 13.11

C 83.86 87.61 86.58

C/H 5.951 7.074 6.613

NHC(MJ/Kg) 41.06 43.41 42.69

Mono ArH 8.3 37.8 23.9

Di ArH 0.6 12.0 5.9

Tri ArH 0.0 3.2 1.0

Total ArH 9.3 45.8 30.8

Table 5
Summary Statistics for the Validation Training Set, 395 Sample
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Property Diesel-1 Diesel-2 Diesel-3 Diesel-4 Jet-A1

Density 0.8522 0.8597 0.8523 0.8518 0.7888

Freeze -4.6 -7.2 -10.4 -14.3 -56.5

Flash 90 65 73 80 54

Cloud -10.1 -12.1 -14.8 -16.3 -35.4

Pour -15 -18 -21 -24 -63

Viscosity 3.10 2.17 2.62 2.84 1.14

IBP 220.5 176.2 185.3 199.2 175.9

BP10 243.9 203.1 215.2 220.7 183.0

BP50 271.5 260.2 268.7 264.4 188.3

BP90 319.5 309.1 317.7 318.0 195.7

BP95 334.1 326.4 331.2 328.8 198.0

BPEP 346.0 344.5 340.9 336.5 211.7

CCI976 13.07 12.40 12.96 13.12 14.20

CCI4737 47.9 43.2 47.5 46.6 43.6

H 49.8 41.4 46.6 46.6 45.8

C 86.45 87.38 86.74 86.87 85.65

C/H 6.6144 7.0468 6.6929 6.6212 6.0317

NHC(MJ/Kg) 42.85 42.48 42.77 42.84 43.48

Mono ArH 16.4 32.3 22.3 20.7 13.1

Di ArH 10.0 10.8 8.3 7.6 1.1

Tri ArH 1.1 1.0 1.0 0.6 0.1

Total ArH 27.5 44.1 31.6 28.9 14.2

Table 6
Reference Fuel Specifications
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Principal Component
Number

Percent Variance Captured Cumulative Total

1 80.60 80.60

2 13.74 94.34

3 5.65 99.99

4 0.01 100.00
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Table 8
Instrument 1:  PCA of Solvent Data Using
First Difference/Mean-Centered Spectra.

Principal Component
Number

Percent Variance Captured Cumulative Total

1 57.11 57.11

2 42.85 99.96

3 0.01 99.97

4 0.01 99.98
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Table 9
PLS Calibrations for Diesel/Kerosene

Instrument 2, First Difference/Mean-Centered
Property Calibration

Range Min.
Calibration
Range Max.

S ECV SEP %   
inclusionaa

Density 0.7883 0.8728 0.0024 0.0024 16.6

Freeze -59.5 2.3 4.0 5.2 51.8

Flash 38 85 6 7 43.0

Cloud -60.5 -2.6 4.3 4.5 73.1

Pour -75 -9 5 18 45.9

Viscosity 1.15 3.92 0.16 0.17 98.2

IBP 139 217 10 11 64.7

BP10 158 256 7 7 87.0

BP50 194 297 5 6 92.6

BP90 223 340 9 12 83.1

BP95 230 358 11 14 74.9

BPEP 249 372 10 12 68.0

CCI976 37.4 59.8 0.8 1.0 99.5

CCI4737 38.3 60.1 0.8 1.1 99.0

H 12.29 14.19 0.08 0.10 100.0

C 84.95 87.73 0.23 0.31 100.0

C/H 5.9213 7.0968 0.0469 0.0513 -

NHC(MJ/Kg) 42.29 43.46 0.06 0.12 100.0

Mono ArH 8.8 38.9 1.1 1.2 99.5

Di ArH 0.5 12.8 0.6 0.6 100.0

Tri ArH 0.0 2.8 0.3 0.3 100.0

Total ArH 10.7 47.2 1.0 1.1 100.0
a % inc lusion based on Equation 8
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Table 10
Instrument 2, Diesel Only,  PLS Calibrations,

First Difference/Mean-Centered
Property Calibration

Range Min.
Calibration
Range Max.

SECV SEP

Freeze -32.4 1.4 2.4 3.3

Flash 50 85 6 6

Cloud -28.8 -2.6 2.6 3.0

Pour -48 -9 4 11

Viscosity 2.00 4.05 0.14 0.17

BP50 226 297 5 6
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Table 11
Instrument 2, Reference Fuel Predictions

No Calibration Transfer
Property SEP

Density 0.0309

Total ArH 11.8

CCI4737 2.0

Viscosity 2.94

Table 12
Calibration Transfer Methods

Method Number Window Size Number of Spectra

1.1 11 3

1.2 11 5

1.3 11 7

1.4 11 9

2.1 51 3

2.2 51 5

2.3 51 7

2.4 51 9
3.1 101 3
3.2 101 5
3.3 101 7
3.4 101 9
4.1 151 3
4.2 151 5
4.3 151 7
4.4 151 9
5.1 0 3
5.2 0 5
5.3 0 7
5.4 0 9
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Table 13
SEP for Calibration Transfer using Piece-Wise Direct Standardization

No Background Correction. Instrument 2 to Instru ment 2.
Method Density Total ArH CCI4737 Viscosity

1.1 0.0103 3.1 1.8 0.63

1.2 0.0083 2.5 3.9 0.75

1.3 0.0081 2.1 3.7 0.59

1.4 0.0088 2.2 3.9 0.62

2.1 0.3529 8.8 21.2 0.43

2.2 0.0033 1.4 2.2 0.22

2.3 0.0046 0.9 2.6 0.24

2.4 0.0060 1.6 2.5 0.38

3.1 0.0217 11.9 7.0 0.28

3.2 0.0025 0.6 3.3 0.20

3.3 0.0039 0.9 3.2 0.16

3.4 0.0050 1.9 2.8 0.29

4.1 0.0265 12.5 6.0 0.22

4.2 0.0061 1.1 4.0 0.51

4.3 0.0080 0.7 2.9 0.30

4.4 0.0079 1.0 3.4 0.47



*3

Table 14
SEP for Calibration Transfer using Direct Standardization
No Background Correction.  Instrument 2 to Instrument 2.

Method Density Total ArH CCI4737 Viscosity

5.1 0.0294 13.1 3.7 0.63

5.2 0.0132 6.4 4.8 0.65

5.3 0.0046 1.3 3.9 0.27

5.4 0.0063 1.8 4.2 0.58

Table 15
SEP for Calibration Transfer using Piece-Wise Direct Standardization

Background Corrected.  Instrument 2 to Instrument 2.
Method Density Total ArH CCI4737 Viscosity

1.1 0.0101 5.3 1.3 0.50

1.2 0.0052 2.9 2.0 0.41

1.3 0.0066 3.4 6.0 0.43

1.4 0.0098 60.8 4.0 0.65

2.1 0.0046 60.8 46.1 0.86

2.2 0.0046 2.8 1.8 0.28

2.3 0.0038 1.6 3.1 0.21

2.4 0.0034 1.4 4.4 0.48

3.1 0.0140 56.8 47.1 0.84

3.2 0.0046 2.7 1.8 0.29

3.3 0.0048 1.6 3.4 0.30

3.4 0.0054 1.6 4.0 0.62

4.1 0.0462 56.3 46.1 1.12

4.2 0.0083 3.6 2.8 0.46

4.3 0.0065 2.0 4.1 0.39

4.4 0.0063 1.8 4.3 0.60

Table 16
SEP for Calibration Transfer using Direct Standardization

Background Corrected. Instrument 2 to Instrument 2.
Method Density Total ArH CCI4737 Viscosity

5.1 0.0214 56.2 43.8 1.49

5.2 0.0123 6.0 4.7 0.63

5.3 0.0073 1.8 4.2 0.38

5.4 0.0087 1.8 4.5 0.57
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Table 17
Instrument 2:  Effect of Calibration Transfer on

Mahalanobis Distance (MD)
Reference Sample Number M D w ithout

Calibration Transfer
MD with Calibration

Transfer (Method 3.2)

24792 2.75 0.05

24793 2.96 0.36

24794 3.05 0.07

24795 3.05 0.05

24508 3.90 0.14

6�
��� ��*)!' �!

'�	!��	�8�������	�)(	��
�����	���	"���	��������		�����	���	�������	!���	�
�
�����
��	�����	��	�
��

�

���
	�����	�����������	���
���
�
�	���	�
�������	
�	���
	�	��!	�������
������	����	�������	
���	�


�8��
���	����
�	���	��
��	�
	"�	���
���"���		'����
�����	����
��	�
�	���
���
�
�	���	����"����

	�
����

!���	
���	�
	"�	���
������	�
�	�
�����������		9
!�����	�������	�
���������

�	
�	����"����

	���
����	����



�	"��
	���������	�
	�����		&��	����	����	�
	��������	"�����
�
�	!��	

�	
�����	!��	

�	��������
�	��
��

���	�
���
�	�
�	�
������
�	�������	�
������	�	
�!	"�����
�
�	"��!��
	����	�������

7�����--������
��	��.���	��

6���#�
������	 ������
��
��	 �
�"�
��	!���	 ����
�������	 !��	 �8��
���	 ��	 �	 ���"��	 �
����

	 �
	 ���

��������@�	
���	�
�	�	�����	���
�	
�	���
�����
�	�
�	�
�����
�	�����	�
	���	������		 ���"����

	�
����	!���

�����
���	�
�	�	!���	�����	
�	����	��
�������	�
�	"
��	������	����	�
�	���
��
��	'�	���	�����
�	�����	
�



*4

�����
���
��	 ���	 �
��
!�
�	�
����	��
����	 �������	 ����	 ���	 �������"��	 �
�	 ����	 ���������

D	��
�����

����
�����	
��	����	
�	�
�"����

�	���"

	�

��
��	����
��
	�

��
��	��
�����	�

��
�	$�


�	���	����

�
���%�	"
���
�	�
�
�	��	4-=	���
�����	�
�	����
�	�
��8�		�����	�
��	
�	���	�
����	$�����	��
��	�
�
�	�
�

������	�
�
�%	������	�
	����	���	�������
��	���������	����	!���	�����	�"��	�
	��
����	�
���	����
8�����

�

����	���	�����	"�	����
������	�
�	�
��	���������

��		/����	

	�
������

	
�	���	(:�	�������	�
����	�
�

��
��	�
�
�	�
�	������	�
�
�	����	�
�
��
�����	

��	������	����	��������	�
	�����	"�����	�������	���
	���

�
�"�
��	������	����	�
�	���
��
�	����		'���
�	�����	�

�����

�	���	"����	

	���	��������	��������	�
�	���

�����
�	���������

�		5����	���
	���	��
����	����"����

	��
�������	�����	���	

	������	�������
��	����	����

"�	�������	�
	!��
	"�����
�	����"����

	�
�����		0����	����	��
�����	�����	
!
	��������	�
�	�������
�
�

!������	�	�
���	��	���"��	�
�	�����	���������

�		&���	���������

	

��	�
�
����	�������
�
�	�	����2����

������	�
�	�	����
	�������		&�����
���	���	��������	�
�	���
!�
�	���	���	
�	�	����"����

	�
���	
���	

�	"�

������	 ������������	 	 .
	 ������

	 �
	 �

�������
�	 ����"����

	 �
�����	 
������	 �������

�	 ��������
�
�

�
�������	�
�	����"����

	 ���
����	!���	���
	 �
����������	!���	�

�	��������	 	&���	!
��	�������
��	�

�
�
����

	�
�	!����	������	�
���������

�	��
	"�	�
�������

'�	�	������	
�	����	!
���	�������	
"�������

�	!���	����	����	��
	"�	����	�
	������	�������	!
��	�
	���

�������		� '	!��	�
�
�	�
	"�	�
	�
�����
��"��	�

�	�
�	�8��
���
��	����	�
�������		0��
�	��
���	��
���	� '

��
	"�	����	�
	���������	�	����	���	�
�	�
�����	��	�
�	��������������	
�	��������
�	����	���	

�	"�	
"��
��

�
	���	
����	����		0��
�	���
����	�
���
��	�
	�

7�
���

	!���	� '	�
	�����	�
������
�	����
���
��	!��

���
	�
�
�	�
	"�	�������		9
!�����	!����	���	�
���
��	���	�����"��	�
�	�	��"
���
��	�
���

��
��	����

�����	"�	���������	 �
	���
���
	�
	���	������	 	>�����	���
	���
�	������	���
������	�
���	���
�����	$�����

�
�������
�%	 ���	 "�	 �
��	 ����
������	 �
�	 �	 �����	 �����
��	 	 &��	 �
���	 ���
�����	 �
���	 "�	 ����	 �


�

7�
���

	!���	���	����"����

	���
����	����
�����	�
	������	���	����"����

	����	�
�	���	�
������
��

'	 ���
�����
�	 �������
����	 
�	 ���	 
���#�
������	 ������
������	 ����	 �
	 ����	 �����	 !��	 ���	 ����	 
�

�
������
�	 ����

������	 	 '�����

��	 ��������	 ���	 �
	 "�	 ����
	 �
	 �
����	 ����	 ���	 �
������
�	 !��

����
���
�	��	 �8�������	 	������

"��	)����
��	 $�)%	!��	

�	����
�	 �
����������	 �
	�������
�	�

������@�	�
��
����	�
	"�	�
	
�������		'�	���	�����
�	�����	�)	��	���	

��	����
�	"��
�	�����		9
!�����

��
��	�)	��	��
������	�
	���
���	�
	���	�������	��	�
���	"�	���������	�
	����	!������	�	�
��
����	
������	��

�����	�	"��	����	������	
�	��	���	�
������
�	��	

�	��
���

�
�	��
������		'

����	�
���"�����	!
���	"�	�




*,

�����	���	����
���
��	
�	�	���
����	!���	�

!
	��
�����	�������		&��	���
����	��
���	

�	"�	�	����

"������	�����	!���	�������	�
�	����	��


�	"�	��������	�
	���	����	�����������

�		.
������	�	�
���
�	
�

�
���	���
����	�
���	"�	����	�
	������	�	���
�	
�	�
������
�	����
���
��	!����	�����	!
���	"�	

�����"���

)�������
���
�	������	����	��
�	���
��
�	�
�	���
��
�	!��	���
��������	�������������		0��
�	�	������

1#�
�
�	:�������
#"����	�������	 ��
�����	 ���������
��	 ��������

	 
�	 ������	 ����	 �
�	���
��
�	 ��
�

���
��
��		(�������
�	������	����	��
�	���
��
�	��	���
	�
���"��	���
�	���	
��	����	
�	�
�"����

	�
�	�
���

"�	�
������	�
	�
�����	������

��	��
�������	����	��
�����		:��
�������	�
��	���
��
�	�������	�
�	�	�����

���	
�	���
��
��	!���	
���	�
	"�	��������	�
	����	��������	����"����

	�
����	��
	"�	�

��������	�
�	�����

&��	�������	
"���
��	��
�	���	����"����

	���
����	!
��	!���	����	�
�
�����
��		(������	"��
�	�
�������

�
��	���
	

�	����	��
�	!��
	���	����"����

	�
����	!���	�

��������	!���	���������	���������
�����

9
!�����	����"����

	���
����	�
��	�
��	

�	��
"����		&���
�	�
	���
���
	�	�����	�������
������	���	
�

���	
����
��	����"����

	�������	�
����
�����	!���	

�	��������	�
�	
�!	�������	!���	����	�
	"�	���������

&��	���	
�	�
���	���
�����	$�����	�����	��������	
������	��
����	�������%		
�	������	���
�����	$�����	�
���
��%

���	
���	�
	"�	�
����������	��	�
	�����
�����	�
	�����	�
�	����"����

	���
�����		>�����	���
	���	����"����



���
�����	

�	�
���	���
	���������	�
�	�����	�	"���	�
������

	$�
	
�����%	�
	����	�
���	����
�������	�
	����

���
���
	���	���������		9
!�����	!���
��	���	���
��
�����

	��������	"�	���	����"����

	���
�����	���

��������
�
�	�
������	�
�	������

"��	)����
��	���������

	!���	����������	����	"������	�����	����
��

����	

	���	��������		&���	!���	"�	�	���������	������
��	�
	
����
��	"��
��	�
�	�
������
��	��
	"�	��������

&��	"���	�
���
����	���	"�	�
	���	"
��	����"����

	���
����	�
�	�	"���	�
������

�		'	"���	�
������



�
���	"�	�������	�
	���	�
�����	"��!��
	��"�����
�	
�	 ���	����"����

	���
����	��
���

��	 	&���	�
���

�����
�	���	�
������
�	��
�	"��
�	
����
�	�
�	�
��	���
	3-	��
����	��	�	����	!��
	���	���	��	���������		5
��

���	�
������
�	��	���
���	��
�	����
���
��	�	
�!	����"����

	���
����	�
���	"�	�

���������

'
	�����	

�	�
����������	�
	����	!
��	!��	����	
�	����"����

	���
����	"��!��
	
�##���	�	�
������
���

0��
�	���	����	����
��	�������	�
	����	!
��	�
�	������
�	�
	�
������
��	�	����"����

	�
���	��
	���
	"�

���
�������	�
	�	�������
�	�
������
��		&���	"��
���	������	!��
	�	������	
�	�
������
��	����	"�	��������

.
�����	
�	��

�
�	���	
�	���	�������	

	����	
�	���	�
������
���	���	�������	��
	"�	��
	

���	

	

�

�
������
��		&��	�
����	"����	

	����	�
������
�	��
	���
	"�	���
�������	�
	����	
�	���	�
������
��	!���



*<

��
����	���
��	�
�	�8��
���		/����	

	���	�������	
�	����	!
���	����"����

	���
����	"��!��
	�������
�

�
������
��	��
���	"�	�����"���		9
!�����	������

��	����
��	����	���	������	���	�������	�
�����	���	����


�	������
�	������
��	����	$�����	��
"�	���	�������%�	�	�����	�
	!�����
���	�
����

�	��������	��
�
��	
�



���	�
	���	��������	�
�	�������	
�	�������
�	���
����

�

'�	���	�����
�	�����	���	�
��
!�
�	��
�������	���	"��
�	�

�������	�
�	���	�
	���	�����D	��
�����	 �
���

��
�������	��
������	����
�����	
��	����	
�	�
�"����

�	�
�	����
�	�
��8�		&����	��
�������	��
����	���

�
��	������	 �
�
�����

	�"
��	 �	 ����	 �
�	 ���	 �����"�����	 �
�	 �

������

�	 	'�����

��	��
�������	 ���

������"���	����	��	��
��	�
�
�	�
�	4-=	"
���
�	�
�
��	��
�����	����	���	������	
�	��������	��	�������"���

�
�	���	�
	���	������	������	��
	"�	���	�
	�������
�	�	����2����	������

	�
�	�	����
	�����		&����	������	��


"�	"����	

	�
	������	����	�����������

	
�	�����������

�	����	���	"�������	�
	"�	����
�������		&�"��	�+

��
!�	�
	�8�����	
�	!���	���	������	�����	�

�	�����			.
	���	��"���	����	���
�	����	���	����	�����	!����


���	
������	��
��	�8������	�
�	����	����	��
������		'
	�������"��	����
�	���
�	����	���	����	��
�����	��

��������	������	
�	�
!��	���
	�8������	�
�	����	����	"��	��
���	

�	������	���	���	
�	���	�����		9
!�����	��

������	��	�	!��
�
�	����	�
�����
�	��	�����
�	
�	���	������	���	����	��
�����	�
	���
���		����	���
�	����

���	����	��	
������	���	��
��	���
!��	"�	����	����@�	�����������

�		&��	���	
�	���	�������"��	����
�	��������

�
��	�

!�����	
�	���	����	"��
�	����	�
�	������
�	�
	�
!	���	������	���	����

Table 18
Limits for Fuel Property Estimates

Property Fail Acceptable Pass Acceptable Fail

Density a t 15°C, g/mL <0.7700 <0.8000 0.8000-0.8600 >0.8600 >0.9100

Viscosity at 40°C, cSt <0.9 <1.3 1.3-3.9 >3.9 >4.5

Cetane Index <35 <40 40-55 >55 >70

Tota l ArH, mass % <5 <10 10-50 >50 >60

Net H t. o f Comb., MJ/kg <41 <42 42-43 >43 >45
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Figure 1.  Instrument 2.
Calibration for Flash Point.

Figure 2.  Instrument 2.
Calibration for Freeze Point.
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Figure 3.  Instrument 2.
Calibration for Pour Point.

Figure 4.  Instrument 2.
Calibration for IBP.
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Figure 5.  Instrument 2.
Calibration for BP10.

Figure 6.  Instrument 2.
Calibration for BP90.
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Figure 7.  Instrument 2.
Calibration for BP95.

Figure 8.  Instrument 2.
Calibration for BPEP.
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Figure 9.  Instrument 2.
Calibration for Cetane Index (D976).

Figure 10.  Instrument 2.
Calibration for Hydrogen Content.
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Figure 11.  Instrument 2.
Calibration for Carbon Content.

Figure 12.  Instrument 2.
Calibration for Carbon/Hydrogen.

.
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Figure 13.  Instrument 2.
Calibration for NHC.

Figure 14.  Instrument 2.
Calibration for 1-ArH.
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Figure 15.  Instrument 2.
Calibration for 2-ArH.

Figure 16.  Instrument 2.
Calibration for 3-ArH.
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Figure 17.  Validation for Flash Point.

Figure 18.  Validation for Freeze Point.
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Figure 19.  Validation for Pour Point.

Figure 20.  Validation for IBP.
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Figure 21.  Validation for BP10.

Figure 22.  Instrument 2.
Validation for BP90.
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Figure 23.  Instrument 2.
Validation for BP95.

Figure 24.  Instrument 2.
Validation for BPEP.
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Figure 25.  Instrument 2.
Validation for Cetane Index (D976).

Figure 26.  Instrument 2.
Validation for Hydrogen Content.
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Figure 27.  Instrument 2.
Validation for Carbon Content.

Figure 28.  Instrument 2.
Validation for Carbon/Hydrogen.
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Figure 29.  Instrument 2.
Validation for NHC (MJ/Kg).

Figure 30.  Instrument 2.
Validation for 1-ArH.
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Figure 31.  Instrument 2.
Validation for 2-ArH.

Figure 32.  Instrument 2.
Validation for 3-ArH.




